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53d Wing

Mission: Develop, test and evaluate advanced weapons,
systems and tactics to perfect the lethality, survivabillity,
and sustainability of our nation’s combat forces

2000 Professionals consisting of...

550 Officers o
650 Enlisted d‘\

450 Civilians | :?}:{:gw,;,-
350 Contractor _ L(A/ i

19 Locations



53d Wing
Analysts and Test Engineers
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DOE is Policy
In DoD




Changing a Culture



Cases
Case Configuration Outcome
1 Good
2 Good
3 OK
4 Good
D 2 GO0d

Good to go!

One Factor-at-a-Time

Case| A B C
1 1 0 0
2 2 0 0
3 3 0 0
4 4 0 0
5 0 1 0
6 0 2 0
7 0 3 0
8 0 4 0
9 0 0 1

10 0 0 2
11 0 0 3
Effect Graph

10.74
Actual Deviation
from SCP
% 8.1+
55
2844
0.2

SCP




DOE Process
Metrics of Note

Sequentially for Discovery
Factors, Responses and Levels

[

Analyze

Statistically to Model
Performance
Model, Predictions, Bounds

\

\

Design
With Type | Risk and Power to
Span the Battlespace
N, a, Power, Test Matrices

/

Execute

to Control Uncertainty
Randomize, Block, Replicate




Questions in Testing

Four Challenges faced by any test

1. How Many? A: Sufficient samples to control our twin errors —
false positives & negatives

2. Which Points and What’s Good? A: Span the battle-space with
orthogonal run matrices using continuous measures tied to the
test objectives

3. How Execute? A: Randomize and block runs to exclude effects
of the lurking, uncontrollable nuisance variation

4.  What Conclusions? A: Build math-models of input/output
relations, quantifying noise, controlling error

Noise

—_—

Design of Experiments effectively -
addresses all these challenges! sy -
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— Outputs
— (Y¥’s)

‘,,/\/» Noise




y Culture Change Across Units

I Operational Test | I Developmental Test |
s
ec Defense

Defense

T— Dir, Dev
Ir, S
Testp Across Test

& Evalution
AF Chief
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Within Units Within Units




v Organization Change Pieces

Move into Place Simultaneously

Re

Gradu Research and
Graduate Education

or and

Projects, Mentor and JN€rs
Grow Practitioners

Test Science
Training

| ead. Metrics Hire and Place

Accountability, Experts
Lei Policy lace
Accountabllity, LApCiS
POitsy

to pull it all together to affect the way we test
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Steps to Implementation within Unit

2. Short-Term
Wins

|. Leadership --Why DOE? 7 lll. Process Improvement
II. Technical Continuity 1. ngndations IV. Change Org Structures
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\&4/ Leading the Science of Test

m Stay tuned for the next talk ...

|. Leadership --Why DOE? : lll. Process Improvement

II. Technical Continuity 1. Flfndations IV. Change Org Structures
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\\&&j Training our Total Test Team

m Leadership, Support and Operator Series

m DOE Executive Interview (1-2 hour) / Xe o

m DOE for Leaders, Aircrew (half day) S N [T
m Intro to Design of Experiments (2 days) J;— \/
m DOE Foundations (1 week) - |

m Analyst and Test Engineer Practitioner Series
m Each 1-week course uses Discussion-Seatwork-Projects
m DOE 0 — DOE Foundations for Science of Test

m DOE | — Design and Analysis of Factorial and Fractionated
Designs

m DOE Il — Response Surface Methods, Optimal _
Designs, Split Plots, Analysis of Ugly Data 3. Train

13



Software for Practitioners

m Design Expert — software solely for design of experiments
m Keeps the analyst focused on DOE procedure | | .. . 770
m Warns when going wayward 2
m Usedin DOE O, I, Il and in-part IlI

m JMP — general purpose statistical software
m Industry leader, affordable, requires learning curve
m Best for our advanced users and needs
m For DOE Il and difficult problems

m Minitab — general purpose :
m Interface similar to Excel, user friendly e .

comparing?
Graphical Analysis. .. |

fp | Assistant

m DOE emphasis
m Split-plot capable R e

15.451

20 22633




V Growing &_I\/Ientorlng
©r Practitioners

Practitioner* -- (prak-tish-un-ur) n. 1. One who practices
an occupation, method or technique.

28 TES/EAA Inltlal OA Qual Tralﬂlng (chS 14 Aug 09) 28 TESIIEAA EX[lel‘ienced OA Ql.lal Tl“dining (ChS 14 Aug 09)
|Trainee: |Date complete: | |Trainee: |Date complete: |
Date Trainee Trainer Training Date Trainee | Trainer
Training Items Method |Training Information| Complete | Initials Initials Training Items Method Information Complete | Initials Initials
Wing Directed (mandatory) Training - (complete prior to initial qualification) Wing Training - Experienced OA Qual (complete prior to experienced OA qualification)
Test Team Training (TTT) FC 53TMG/TR Webpage Project Management Training (PMT) FC TMG Webpage
Design of Experiment (DOE) O FC 53TMG/TR Webpage Operations Suitability Training (OST) FC TMG Webpage
DOE | FC 53TMG/TR Webpage DOE Il FC TMG Webpage
DOE Il FC 53TMG/TR Webpage
53WG 99-103 Review (complete prior to initial qualification) Supplemental Certification Training (complete courses prior to experienced OA qualification)
Read 53 WGI 99-103 ACQ 101 - Fundamentals of Systems Acquisition
Capability Based T&E SS 53WG Handbook Management OL DAU website
SYS 101 - Systems Planning, Research,
Test Team Handbook Review (complete prior to initial qualification) Development & Engineering oL DAU website
Review 53WG Test Team Handbook SS 53WG Webpage Level | T&E Certification
Test process checklists SS 53WG Handbook TST 102 - Fundamentals of Test & Evaluation oL DAU website
Test template review SS 53WG Handbook CLE 023 - Modeling and Simulation for Test and
Test regulation review SS 53WG Handbook Evaluation oL DAU website
Level | Program Management Certification
Test Management Review (complete prior to initial qualification) CLB 007 - Cost Analysis OL | DAUwebsite | | I
TS Use T Procedures OIT = CLB 016 - Introduction to Earned Value 1 | | |
Attend MRR SS TBD
Attend CoT/CRR/FRR SS Thursdays (1300)
Paviaws Tact Drinritu | ict aQ TR

m Various practitioner levels — requires experience
m OA - Initial Qual, Experienced, Instructor
m TE - Initial Qual, Experienced

m Include re-qualification

15
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v Long Term Solution
*%*  Leadership: Making Changes Endure

DOT&E, DDT&E and Service TE Policy Providing Leadership

MEMORANDUM OF AGREEMENT

Science of Test IV J—
SUBIECT: Using Design of Experiments for Operational Test and Evaluation - Manage

Regarding the subject, we endorse the enclosed findings of the Operational Test

Agency Technical Directors and the Science Advisor for Operational Test and
Evaluation.

oanle S0 S

- - ‘0"_——_ ("’»Scwence
Dr. Charles E. McQdeary Slephe?‘cl'_ Sargeant, ch{:ml, USAF
Director, Operatigfial Test & Edaluation  Commander, AFOTEC DOE
i |Analyze

Roger A. Nadeau, Major General, USA  Dav ld A Dunaway, R d
Commander. ATEC Commander, OPTEVFOR

- ~ Execute}~

David L. Reeves, Colonel, USMC Romnald C. Stcphl:nsf’cmuncl_ oA
Director. MCOTE A Commander TTTC
Policy/Guidance

16




Defining What We Do

17
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\\@/) What’s in a Name?

m DOE or even Design of Experiments has downside
DOE - Energy, Education ...? '
We already design experiments
We test, we don’t experiment QS
It isn’t just DOE, we need a supportlng cast of methods

m Label alternatives

Operations Analysis, Industrial Statistics
Statistical and Probabilistic DOE

Statistically Defensible Test

Scientific Test and Evaluation Design

Test Science or Science of Test

Statistical Engineering or Quality Engineering

18
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\§w/) One Term for All Test Science

m DOE is used for planning, design, execution and analysis

m DOE uses statistical, probabilistic, and mathematical
(including operations research) methods

m DOE encompasses the entire history of design and
statistical techniques and methods peer reviewed and
demonstrated effective

m DOE is relevant to all types of testing: developmental and
operational, deterministic and high-noise systems, for all
system complexities

m DOE is not the solution for one-shot proof of concept or
demonstrations

19



DOE Evolution

ANOVA
analysis

j Factorial
Fractional
Factorial

Foundations
(1920-1950)

Response
Surfaces

Robust

Industrial Design

(1950-1980)
Mixtures

D-optimal

Optimal
Designs

DOE

Mixed Models }

Computer

Generation
(1980-2000)

Multiple
Response

Split Plots Many of these
cocor | /| Skewed Data cross-pollinated
Cociing | from other

A\
Solution — Data D
Diversity Statistical ¢~ | Miing ] | disciplines
(2000- )

Semi-
parametric

Partition
trees

Computer
Experiments

DOE for
Reliability




Necessary Tools and Concepts

21



CV-22 TF Flight Test

Gross Weight

Radar Measurement
INPUTS ? OUTPUTS
(Factors) (Responses)
Airspeed PROCESS:
] Set ClIx Plane Deviation
Turn Rate . >
Set Clearance Plane -
N C Angl
_ *|  TF/TA Radar fossingAnge
Ride Mode | Performance
Nacelle R R *;*;V,f;;:,;gﬁ Pilot Rating \
Terrain Type X
/\/" Noise

Responses =f (Factors) + ¢

Consider the possible effects of three variables: Airspeed, Turn Rate, and Ride



Risks (a and B) Reviewed

— T

Truth Model: Response = Ride + Turn

)\ 4/‘L
Test Factors Hypotheses Possible Conclusion Error
‘@ )

A: Airspeed Ho: A_lrspeed has no effect Airspeed matters o
H,: Airspeed matters
H,: Turn has no effect

B: T 0 —
urn R S —— Turn matters None, 1-8
Ho: Ride has no effect :
a C: Ride H,: Ride matters Ride has no effect B
J

* Bold Blue reflects the truth

23 23



» determined in planning
dfModeI » based on model order

> set by allowable risk
» decided by expert

> historical data
e 4

> Solve and iterate

DOE | S1-24
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General Factorial 2-level Factorial
3x3x2 design 23design
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Fractional Factorial Response Surface

231 design Central Composite design



{g) Move to new location (o) Perform one or more {6) Add another fraction
to explore an apparent confirmation runs to to resolve ambiguities
trend in response verify the conclusion  from the original fraction
from the original fraction

Possible \
Stl’a_tegies for Initial design
Follow-Up
Experimentation
Folowing oy may have hoen varied
Fractional 7 Augment to mods hey may have boen varie
Factorial rpraemeAnae
Design

Prassure—s

Pressure—s

Adapted from Box, GEP (1992-1993), “Sequential Temperature —

Experimentation and Sequential Assembly of (e}l Replicate to improve estimates ,
Designs,” Quality Engineering, Vol 5., No. 2, pp., of effects or because some runs cl) Drop and add factors
321-330. were incorrectly made because the original factor

catalyst feed rate is negligible
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\/ Standard Modelin

Least Squares Regression

Linear in parameters

2 2
Y = /Bo + :lel + /Bzxz T 1312X1X2 + :811)(1 T 1822)(2 T &

Quantitative Quantitative Normally distributed
Continuous Continuous Independent
Homogeneous variance
Low correlation Single error component
Run | A B C
1
2
Void of
3 outliers, leverage points
4
5

28



Randomized

Numeric or
Categorical

Mostly Numeric

> 2 level
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Attributes

Replication

2"d order design

Nearly Orthogonal

Target Prediction and
Coefficient Variance

Efficientruns fork <7

Errors NID (0, ¢?)
Model is adequate

Y well behaved

k

Y =,BO+Zk:,Bixi + D BiXiX + D Bixi+e

i<j i=1

Attributes

All effects for general
model

Pure error + LOF

Nearly Independent g
estimates




Hard to Change
Factors

Numeric or
Categorical

Attributes

Replication

Orthogonal

Two Independent Error
Terms, both NID (0, ¢?)

Model is adequate

Y well behaved

Y :,BO+Zk:,Bixi +

Z,Bijxixj +85+¢

<]

]

WP error

Attributes

All effects of interest
Limited WP error df

Independent g
estimates




+ DOE  [omay]

N

Other Methods

31



Tree-based Methods

(-Petall <245

Petal

Setosa

Virginica

Versicolor Virginica

Nonlinear Modeling

Response Surface of Major Minor Function

RSM

05

Truth

>‘—-o

SIS
SRR
SoeSSaaTeISes
SRR

=
S

RS

Kriging MARS




Software Testing Solutions

Objective
g I8 EXED
Test % Objective
resources A 2
Objective <
3
Decision Analysi *
ISI nalysis . ¢ Factor Covering Arrays
&
.
.
- *
Space Filling
&

m How to spread out test resources effectively/efficiently
m How to test configurations effectively/efficiently
m How to fill a space effectively/efficiently



Reliability

Operating Characteristic Curve: Poisson Failures
alpha error rate: 20% (one-sided)

- Num MTBF
Periods tested

Power
|

zz

z

N | BT
f

GPS/INS Unit

22z
[T T e I T I
P NWAOOON®O

z

I
z

5 6

Hard Spec Limit

Null world — round Alternate world —
response 3.5 ms response 4.0 ms I
o 0.05 I
Power: .999 I
0: 0.5ms

0.0 05 1.0 1.5 2.0 25 3.0 35 40 45 50 55 6.0 6.5 70 7.5 8.0



http://www.fas.org/spp/military/program/nav/egi-gps.jpg
http://www.google.com/imgres?imgurl=http://www.vxb.com/Merchant2/graphics/00000001/629c.jpg&imgrefurl=http://www.vxb.com/Merchant2/merchant.mvc?Screen=PROD&Store_Code=bearings&Product_Code=Kit7901&Category_Code=Longboard&usg=__MDXHL_FRPQQznP8ce5FvRQ3BH5E=&h=302&w=300&sz=37&hl=en&start=2&itbs=1&tbnid=UBjMvajuR9pykM:&tbnh=116&tbnw=115&prev=/images?q=ceramic+bearings&hl=en&gbv=2&tbs=isch:1
http://www.multicellphone.com/images/New prototype 3D LCD display screen by KDDI.jpg
http://www.visualintel.net/USAF/Weapon-Systems/A10-Thunderbolt-II/9726518_N3fYb
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DOE Mandate Summary

.  Training Program
Tral N  Mentoring — Train the Trainer
» Right Methods — Sound & Practical

e Short Term Wins — Work Projects

PraCt|Ce « Solve Tough Problems

« Research and Complement

» Leadership Commitment
» Organizational Adoption
« Metrics and Policy
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